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Abstract 

Studies  of  cause-specific  mortality  show  that  deaths  of  epileptic  people  can  be  classified  into  those  directly  or  indirectly  related  to  epi¬ 
lepsy;  those  related  to  the  underlying  pathology  giving  rise  to  epilepsy;  and  those  unrelated  to  either  epilepsy  or  its  causes.  In  this  descrip¬ 
tive  retrospective  study,  medical  examiner’s  cases  that  occurred  in  Manitoba,  Canada  during  2004  were  reviewed.  One  hundred  and 
seventeen  cases  (4.06%)  had  epilepsy  in  their  history.  Cause  of  death  was  related  directly  to  seizure  in  12  cases  (10.3%)  and  indirectly 
in  six  cases  (5.1%);  related  to  underlying  pathology  giving  rise  to  epilepsy  in  33  cases  (28.2%);  and  unrelated  to  either  of  them  in  60  cases 
(51.3%).  Cause  of  death  was  unknown  in  six  cases  (5.1%).  The  causes  of  death,  in  order  of  frequency,  were  cardiac  pneumonia,  cerebro¬ 
vascular  accident  and  seizure  disorder.  Manner  of  death  was  natural  in  86  cases  (73.5%),  accidental  in  19  cases  (16.2%),  suicidal  in  five 
cases  (4.3%),  undetermined  in  five  cases  (4.3%)  and  homicidal  in  two  cases  (1.7%).  While  the  mean  age  of  the  deceased  persons  with  a 
positive  history  of  seizure  in  this  study  was  about  10  years  less  than  those  with  a  negative  history  of  seizure,  there  was  no  significant 
difference  between  them  in  the  manner  of  death.  Epileptic  people  are  not  at  greater  risk  for  accidental  death  or  suicide;  however  they 
are  at  greater  risk  for  drowning.  Recently  diagnosed  cases  of  epilepsy  are  at  greater  risk  of  dying  from  seizure  or  underlying  pathology 
during  the  first  year  of  their  disease. 

©  2006  Elsevier  Ltd  and  AFP.  All  rights  reserved. 
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1.  Introduction 

The  lifetime  likelihood  of  having  at  least  one  febrile  or 
nonfebrile  epileptic  seizure  is  about  9%,  and  the  lifetime 
likelihood  of  receiving  a  diagnosis  of  epilepsy  is  almost 
3%.  However,  the  prevalence  of  active  epilepsy  is  only 
0.8%. 1  It  is  reliably  established  that  mortality  in  epilepsy 
is  increased  as  much  as  threefold  compared  to  an  age- 
matched  general  population. 2-5  Studies  of  cause-specific 
mortality  show  that  deaths  can  be  classified  into  those 
directly  or  indirectly  related  to  epilepsy;  those  related  to 
the  underlying  pathology  giving  rise  to  epilepsy;  and  those 
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unrelated  to  either  epilepsy  or  its  causes.  Overall,  death  as  a 
direct  result  of  epilepsy  is  infrequent.  Pneumonia,  espe¬ 
cially  in  the  elderly,  central  nervous  system  (CNS)  and 
non-CNS  neoplasias,  and  cerebrovascular  disease  are  fre¬ 
quent  causes  of  death.6  The  spectrum  of  causes  of  death 
that  are  not  related  directly  to  the  occurrence  of  seizures 
in  persons  with  epilepsy  is  similar  to  that  of  the  general 
population,  with  the  most  common  diagnoses  being  cere¬ 
brovascular  disease,  CNS  tumor,  alcohol-related  problems, 
and  congenital  neurological  deficits. 7-S  If  deaths  were 
directly  or  indirectly  related  to  epilepsy  and  epilepsy  is 
the  result  of  trauma,  the  manner  of  death  will  be  acciden¬ 
tal,  suicidal  or  homicidal  depending  on  how  the  trauma 
was  inflicted.  This  will  have  repercussions  in  payment  of 
deaths  benefits  by  life  insurance  companies  and  also  legal 
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implications  in  homicide  cases.  Further  knowledge  regard¬ 
ing  death  among  epileptics,  either  directly  or  indirectly 
related  to  the  disease,  may  provide  useful  insights  into  pre¬ 
venting  future  deaths.  The  purpose  of  this  retrospective 
study,  therefore,  was  to  review  cause  of  deaths  and  other 
features  of  epileptics  in  medical  examiner’s  cases  from 
Manitoba  for  2004. 

2.  Method 

In  the  Province  of  Manitoba,  Canada,  unexpected,  sud¬ 
den,  and  unnatural  deaths  are  reported,  inquired  into,  and 
investigated  by  a  medical  examiner’s  system  governed  by 
The  Fatality  Inquiries  Act.  All  reported  cases  are  inquired 
into  with  respect  to  demographics  and  date,  time,  cause 
and  manner  of  death.  Selected  cases  are  fully  investigated 
and  may  include  a  full  autopsy  and  toxicological  analysis. 
Inquiries  and  investigations  are  done  by  medical  examiners 
and  medical  examiner’s  investigators  with  the  assistance  of 
the  local  police  departments.  In  doing  so,  the  body  is 
viewed,  scene  inspected  if  the  body  is  still  at  the  scene, 
and  inquiries  made  from  the  deceased’s  physicians  with 
regard  to  medical  history  including  epilepsy.  In  this 
descriptive  retrospective  study,  medical  examiner’s  cases 
in  Manitoba  that  occurred  during  2004  (77  =  2965)  were 
reviewed.  Data  was  collected  from  the  paper  files  main¬ 
tained  in  the  Office  of  Chief  Medical  Examiner.  In  cases 
where  the  data  in  the  files  was  insufficient  or  incomplete, 
the  medical  charts  were  reviewed  and  the  files  updated. 
Cases  that  were  excluded  included  newborn  subjects  (less 
than  four  weeks  of  age);  those  with  an  incomplete  medical 
history;  and  those  with  a  history  of  febrile  seizures  or  no 
documented  seizures.  In  total,  90  cases  were  excluded. 
Therefore,  of  the  2875  reviewed  cases,  117  cases  (4.06%) 
had  epilepsy  in  their  history. 

Cases  were  reviewed  by  a  medical  examiner  and  data  was 
collected  on  medical  history,  seizure  description,  and  post¬ 
mortem  findings.  Epileptic  cases  were  categorized  according 
to  the  ILAE  Guidelines  for  Epidemiologic  Studies.9 

The  following  factors  were  assessed:  age,  sex,  duration 
of  epilepsy,  seizure  condition,  whether  or  not  the  deceased 
used  antiepileptic  drugs  (under  medication),  alcohol  and/or 
other  substance  abuse,  place  of  death  and  evidence  of  ter¬ 
minal  seizure,  cause  of  death  and  its  relation  to  seizure 
and  manner  of  death.  Factors  such  as  age  of  the  deceased 
and  sex,  cause  and  manner  of  death  were  assessed  in  cases 
where  the  subjects  had  negative  history  for  epilepsy  (NHE) 
0 n  =  2758)  and  considered  in  a  different  group. 

The  probable  etiology  of  epilepsy  was  finally  determined 
on  the  basis  of  clinical  details  and  examination  of  the  brain 
at  autopsy.  Epilepsy  was  classified  as  idiopathic  epilepsy  in 
those  individuals  who  were  developmentally  normal,  had 
no  significant  neurological  abnormalities,  and  no  known 
underlying  cause  for  epilepsy.  Epilepsy  was  classified  as 
symptomatic  epilepsy  in  those  individuals  with  known 
underlying  cerebral,  metabolic  or  genetic  disorder  or  in 
those  where  findings  of  intellectual  deficiency  and/or  signif¬ 


icant  neurological  abnormalities  were  found  and  therefore 
were  suspect.10 

The  population  of  Manitoba  in  2004  was  1,169,667 
(Manitoba  health  population  report),  mortality  rate  was 
8.49  per  1000  population  (Manitoba  vital  statistics).  Medi¬ 
cal  examiner’s  cases  (population  base  for  this  study 
77  =  2965)  accounted  for  29.9%  of  the  total  number  of  deaths 
in  Manitoba  for  2004.  Autopsies  were  done  in  1167  of  the 
reported  cases  and  toxicology  was  done  in  659  of  the  cases. 

This  study  was  done  under  the  supervision  of  the  Chief 
Medical  Examiner,  Province  of  Manitoba  and  followed  the 
code  of  American  Medical  Association  Revision  of  Code  of 
Medical  Ethics.  Data  were  analyzed  using  descriptive  anal¬ 
ysis,  such  as  x2,  Ctest  and  fisher-exact  test. 

3.  Results 

Out  of  the  117  cases  with  a  positive  history  for  epilepsy 
(PHE),  71  cases  (60.7%)  were  male  and  46  cases  (39.3%) 
female.  The  mean  age  was  54.13  years  (max:  90  years, 
min:  5  months,  SD:  22.81). 

The  causes  of  epilepsy  are  summarized  in  Table  1.  The 
cases  have  been  divided  into  three  age  groups:  childhood, 
adulthood  and  seniors.  As  it  can  be  concluded  from  Table 
1,  no  clear  etiology  was  diagnosed  in  seventy  cases  (59.8%) 
(idiopathic  seizure).  Among  the  other  47  cases  (40.2%), 
congenital  anomalies,  alcohol  related  problems,  post  stroke 
condition,  brain  tumors,  cerebral  palsy,  and  multiple  scle¬ 
rosis  were  the  most  common  etiologies  in  descending  order. 
In  one  case,  hypoxic  encephalopathy  due  to  hanging  was 
reported  as  the  cause  of  epilepsy.  The  subject  died  three 
months  later  due  to  seizure. 

Table  2  shows  the  type  and  frequency  of  antiepileptic 
medication  in  use,  based  on  epilepsy  condition  and  post¬ 
mortem  drug  analysis.  Seventy-eight  cases  (66.7%)  had 
active  seizure  and  102  cases  (87.2%)  were  under  medica¬ 
tion.  The  most  used  medications  were  phenytoin,  pheno- 
barbital  and  carbamazepine. 

Seizure  was  the  direct  cause  of  death  in  12  cases  (10.3%). 
In  six  cases  (5.1%)  seizure  was  diagnosed  to  be  an  indirect 
cause  of  death.  Underlying  pathology  causing  epilepsy  was 
the  cause  of  death  in  33  cases  (28.2%).  In  60  cases  (51.3%) 


Table  1 

Causes  of  epilepsy  in  different  age  groups 


Causes  of  epilepsy 

Age  (in  years) 

<18  18-64 

>64 

Total 

Idiopathic 

1 

34 

35 

70 

Congenital  disease 

5 

10 

1 

16 

Alcohol  related 

- 

12 

1 

13 

Post  stroke 

- 

4 

4 

8 

Brain  tumor 

- 

3 

1 

4 

Brain  trauma 

- 

- 

2 

2 

Cerebral  palsy 

1 

1 

- 

2 

Encephalopathy 

1 

- 

- 

1 

Multiple  sclerosis 

- 

1 

- 

1 

Total 

8 

65 

44 

117 
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Table  2 

Epilepsy  condition  and  result  of  postmortem  drug  analysis  versus  use  of  medication  in  deceased  epileptics 


Under  medication 

Epilepsy  condition  (n  =  117) 

Postmortem  drug  analysis  [n 

=  35) 

Remission 

Active  seizure 

Unknown 

Positive  in  therapeutic  range 

Positive  in  toxic  range 

Negative 

Yes 

7 

76 

19 

16 

4 

11 

No 

10 

2 

1 

- 

1 

3 

Unknown 

- 

- 

2 

- 

- 

- 

Total 

17 

78 

22 

16 

5 

14 

death  was  neither  caused  by  seizure  it  self  nor  by  the  under¬ 
lying  etiology.  Cause  of  death  remained  undiagnosed  in  six 
cases  (5.1%). 

Duration  of  epilepsy  was  less  than  one  year  in  10  cases 
(8.5%)  while  in  all  of  them  the  cause  of  death  was  related 
to  seizure  or  its  underlying  pathology.  Table  3  shows  man¬ 
ner  of  death  in  relation  to  the  cause  of  death.  Table  4  shows 
manner  of  death  and  seizure-death  relationship.  Death 
happened  in  a  natural  way  in  86  cases  (73.5%),  accidental 

Table  3 


Manner/cause  of  death  in  epileptic  group 


Manner/cause  of  death 

Number  of  cases  (n  =  1 17) 

Natural 

Cardiac 

25 

Respiratory 

17 

CVA 

9 

Seizure  disorder 

6 

Other 

22 

Total 

86 

Accident 

Fall 

7 

Al-drug  related 

5 

Drowning 

3 

Asphyxia 

2 

Car  accident 

2 

Total 

19 

Suicide 

Drug  toxicity 

2 

Hanging 

2 

Shot  gun 

1 

Total 

5 

Homicide 

Hanging 

1 

Strangulation 

1 

Total 

2 

Undetermined 

Total 

5 

in  19  cases  (16.2%),  suicidal  in  five  cases  (4.3%),  undeter¬ 
mined  in  five  cases  (4.3%)  and  homicidal  in  two  cases 
(1.7%). 

Autopsies  were  performed  in  44  cases  (37.6%)  and  in  35 
cases  where  toxicological  analysis  for  drug  detection  had 
been  done,  five  cases  (14.3%)  showed  positive  drug  levels 
in  the  toxic  range.  (Olanzapine  in  2,  Acetaminophen  in  1, 
opiates  in  1  and  opiates  plus  cocaine  in  2).  Nine  cases 
had  ethanol  in  their  blood  with  a  mean  concentration  of 
374.13  mg/dl  (SD:  100.479). 

The  causes  of  death  in  order  of  frequency  were  cardiac 
deaths,  pneumonia,  CVA  and  seizure  disorder  (Table  3). 
Drowning  was  the  cause  of  death  in  four  cases  (3.4):  two 
drowned  in  the  bath  at  home  while  the  others  were  found 
in  a  public  pool  and  a  river.  The  manner  of  death  was 
undetermined  in  the  latter  case  but  the  rest  of  the  deaths 
were  classified  as  accidental.  There  was  one  case  of  sudden 
unexpected  death  (0.9%  in  PHE  group):  a  30  year  old 
female  with  idiopathic  epilepsy  since  age  four  and  who 
had  daily  seizures  for  two  to  three  minutes.  She  also  had 
a  medical  history  of  type  2  diabetes  and  thyroid  problems. 
She  was  on  carbamazepine  and  divalproex.  Postmortem 
blood  analysis  revealed  a  subtherapeutic  level  of 
carbamazepine. 

Out  of  2758  NHE  cases,  1664  (60.3%)  were  male  and 
1094  (39.7%)  female  with  a  mean  age  of  65.78  years 
(max:  104  year,  min:  1  year,  SD:  21.01).  The  mean  age 
for  the  female  subjects  was  69.75  and  for  male  subjects, 
63.16.  It  should  be  noted  that  the  mean  age  was  signifi¬ 
cantly  higher  in  females  ( P  <  0001). 

The  manner  of  death  was  natural  in  2120  cases  (76.9%), 
accidental  in  405  cases  ( 14.7%),  suicidal  in  148  cases  (5.4%) 
and  homicidal  in  47  cases  (1.7%).  Thirty-eight  cases  (1.4%) 
were  classified  as  undetermined.  The  most  common  cause 
of  death  was  cardiac  death.  There  were  29  cases  (1.05%) 
of  drowning  with  23  cases  determined  as  accidental 
(79.3%)  and  six  as  suicidal  (20.7%). 


Table  4 

Seizure-death  relation  according  to  manner  of  death 


Seizure-death  relationship 

Manner  of  death 

Total 

Natural 

Accident 

Suicide 

Homicide 

Undetermined 

Related  directly  to  seizure 

8 

2 

- 

- 

2 

12 

Related  indirectly  to  seizure 

4 

1 

- 

- 

1 

6 

Related  to  underlying  pathology  giving  rise  to  seizure 

27 

4 

1 

- 

1 

33 

Unrelated  to  both  seizure  and  underlying  pathology 

46 

8 

4 

2 

- 

60 

Unknown 

1 

4 

- 

- 

1 

6 

Total 

86 

19 

5 

2 

5 

117 
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4.  Discussion 

The  mean  age  in  the  NHE  group  was  10.5  years  more 
than  for  the  PHE  group  which  was  significant 
(P  <0.001).  There  was  no  significant  difference  between 
the  sex  related  mean  age  in  PEIE  but  there  was  in  the 
NHE  (P<  0.0001). 

It  was  found  that  15.4%  of  the  deaths  in  the  PHE  group 
were  seizure  related  and  28.2%  were  related  to  underlying 
pathology  while  in  the  Bordeaux  cohort  study  the  cause 
of  death  was  seizure-related  in  5.9%  of  cases,  due  to  pro¬ 
gression  of  underlying  disease  in  63.6%,  unrelated  to  sei¬ 
zure  etiology  in  21.2%  (including  one  suicide),  and 
unknown  because  of  insufficient  information  in  9.3%  of 
the  cases.11 

Epileptic  population  with  known  exact  duration  of  epi¬ 
lepsy  (n  =  71)  was  divided  into  two  groups:  those  who  had 
suffered  from  seizure(s)  less  than  one  year  (recently  diag¬ 
nosed)  and  those  with  more  than  a  one  year  history  of  sei¬ 
zure^).  Cause  of  death  and  its  relationship  with  epilepsy 
was  then  estimated.  In  recently  diagnosed  people,  cause 
of  death  was  significantly  related  to  epilepsy  or  underlying 
pathology  giving  rise  to  epilepsy  (Exact  sig.  2-sided  = 
0.004,  Cl:  1.53-2.519).  Rufo-Campos  has  mentioned  that 
the  underlying  disease,  of  which  epilepsy  is  a  symptom,  is 
the  main  cause  of  death  in  new  cases,  while  the  epilepsy 
itself  is  a  major  cause  in  chronic  epilepsy.12 

Sudden  unexpected  deaths  in  epilepsy  in  our  study  was 
0.3  in  1000  persons  per  year  while  in  other  medical  exam¬ 
iner’s  studies  it  was  0.5-2. 7  in  1000  person-years.13 

There  was  not  a  major  difference  in  manner  of  death  in 
both  groups  of  NHE  and  PHE.  About  1%  to  16%  of  deaths 
in  epileptic  patients  may  be  a  consequence  of  accidents.14 
These  usually  occur  while  swimming  or  bathing.  In  one 
Canadian  study,  5%  of  all  drowning  deaths  were  attribut¬ 
able  to  seizures,  with  60%  of  them  occurring  in  bathtubs.15 
In  the  present  study,  1.05%  of  deaths  in  the  NHE  group 
were  due  to  drowning  and  80%  of  those  drowning  deaths 
were  accidental.  In  the  PHE  group,  3.4%  of  the  deaths  were 
due  to  drowning  with  75%  of  them  being  accidental.  This 
shows  that  epilepsy  increases  the  risk  for  drowning 
( P  <  0.001),  which  is  coherent  with  other  studies.16,17 

The  National  General  Practice  Study  of  Epilepsy 
(NGPSE)  in  the  United  Kingdom  has  confirmed  that  pneu¬ 
monia  is  a  common  terminal  event  in  the  elderly,  and  the 
mean  age  of  patients  who  died  of  pneumonia  in  the 
NGPSE  was  81.3  years.2  In  the  present  study  it  was 
57.58  years. 

5.  Conclusion 

While  the  mean  age  of  deceased  persons  with  PHE  con¬ 
sidered  in  this  study  were  about  10  years  younger  than  in 
other  studies,  there  was  no  significant  difference  in  the 
manner  of  death.  Epileptic  individuals  are  not  at  greater 
risk  for  accidental  death  or  suicide;  however,  they  are  at 


greater  risk  for  drowning.  People  with  epilepsy  should  be 
encouraged  to  take  showers  while  sitting  instead  of  baths. 
The  presence  of  another  person  in  the  same  house,  but 
not  directly  supervising  the  person  in  the  bathroom  does 
not  protect  against  drowning.  Personal  flotation  devices 
should  be  worn  at  all  times  during  boating  activities. 

Individuals  with  recently  diagnosed  epilepsy  are  at  a 
greater  risk  of  dying  from  seizure  or  underlying  pathology 
during  the  first  year  of  their  disease. 
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